Comparison to the Preyssler System
The structure of the Preyssler type polyoxoanions [P5W30O110] 15-( Figure S1 ) exhibits an ideal D5h. This polyanion exhibits two pentagonal entrances {W5O5} fragments which are comparable to the entrance site of the {Pd5O5} fragment polyanion 1 (see Figure S1 ). The entrance is wide enough to allow permeation of a variety of cations (alkali, earth alkali, lanthanides, actinides etc.). 9 However, it must be stressed that in the case of lanthanides, the inner cavity is not suitable for encapsulation due to its dimensions. Thus, the incorporated lanthanides are incorporated between the pentagonal entrance and the pentagonal face of the cavity prism. The lanthanide centers adopt pentagonal antiprism or capped pentagonal antiprism coordination geometry when in the latter case they additionally bind to an outer water molecule. 9 Figure S1: Combined ball-and-stick and polyhedral representation of the [P5W30O110] 15-polyanion shown in top (left) and side view (right). Color code: W = black, P = purple, O = red spheres. The inner cavity defined by the {O10} pentagonal prism is shown in blue prism, while the pentagonal entrance comprised of the five µ2-O atoms is shown in yellow color.
Structural and electronic properties of 1, 1-Na, 1-La, 1-Gd and 1-Lu
The calculated bond distances and interatomic distances for systems 1, 1-Na, 1-La, 1-Gd and 1-Lu are summarized in Table S2 . The calculated Mulliken charge populations of the three inequivalent O centers ( Figure S2 ) are summarized in Table S3 . Spin density isosurface of polyanion 1-Gd is depicted in Figures S3 . The HOMO-LUMO gap energies and distribution of the frontier orbitals over different atoms are presented in Tables S4 and S5 . 
Ligand Field Analysis
The model that we have applied in order to predict the magnetic states and the ground state wave function is the Radial Effective Charge (REC) model. Such a model is an electrostatic semi-empirical crystal field approach commonly used in molecular magnetism, which provides a computationally inexpensive estimation of the crystal field parameters (CFPs) and permit to rationalize the magnetic properties of a particular f-block coordination complex. 10 From the calculated CFPs, the model estimates the ground-J multiplet energy levels and their corresponding wave functions, composed by the different MJ microstates. This kind of calculations use the atomic coordinates of the first coordination sphere around the magnetic centre as an input. The software code that has this model implemented is the SIMPRE computational package, 11 which parameterizes the electric field effect produced by the surrounding ligands by using the following Crystal Field Hamiltonian expressed in terms of the Extended Stevens Operators (ESOs) 12 :
(1) where k is the order (also called rank or degree) and q is the operator range, that varies between In the code, the CF parameters are calculated through the following expressions:
and the effect of the ligand is modeled through an effective point charge situated between the lanthanoid and the coordinated atom at a distance Ri from the magnetic center, which is smaller than the real metal-ligand distance (ri). To account for the effect of covalent electron sharing, a radial displacement vector (Dr) is defined, in which the polar coordinate r of each coordinated atom is varied, Ri = ri-Dr. The usual procedure is to obtain the Dr parameter of each kind of donor atom fitting an observable (e.g. energy levels or magnetic properties). At the same time, the charge value (Zi) is scanned in order to achieve the minimum deviation between calculated and experimental data, whereasqi and ji remain constant. This allows to inexpensively correlate the chemical structure with ligand field effects.
In this work, we have used the REC parameters Dr = 0.8 Å and Zi = 0.197 determined by Baldoví et al. in the study of the [LnPd12(AsPh)8O32] 5-series as a starting point. 16 Due to the different coordination environment between that family of lanthanide-based polyoxopalladates and [LnPd15Se10O40] 7− , the parameter Dr have been scanned between 0.6 and 1.2 Å (step 0.1 Å) to explore a wider range of possibilities, while keeping fixed the relation f = DrZi = 0.1576. As an illustrative example, the resulting set of CFPs, energy levels and compositions of the wave functions for Dr = 1.0 Å and Zi = 0.1576 are reported in Tables S6 and S7 . Table S7 . Ground multiplet energy level scheme (cm -1 ) and main |MJ> contributions to the wave function calculated for 1-Tb, 1-Dy, 1-Ho and 1-Er . 225 50% |+7> + 50% |-7>
1-Tb 1-Dy 1-Ho 1-Er
0 100% |0> 0 |±1/2> 0 50% |+4> + 50% |-4> 0 |±13/2> 20 50% |+1> + 50% |-1> 4 |±11/2> 26 50% |+5> + 50% |-5> 20 |±15/2> 78 50% |+2> + 50% |-2> 8 |±9/2> 37 50% |+3> + 50% |-3> 33 |±1/2> 171 50% |+3> + 50% |-
Coordinates
Cartesian coordinates (in Å) of 1, 1-Na, 1-La, 1-Gd and 1-Lu as calculated on (U)BP/TZ2P/ZSC/COSMO level. 
